The aim of the study was to analyse the relationship between the Arg4Cys and Ala59Val polymorphisms of the bovine leptin gene, and the milk traits, based on the breeding values of AI proven bulls. A total of 187 individuals was analysed. The following allele frequencies have been found: 0.55 (C) and 0.45 (T) for Arg4Cys, and 0.73 (C) and 0.27 (T) for Ala59Val. Arg4Cys TT genotype has a highly significant increasing effect on milk yield and a significant increasing effect on protein yield, whereas no marked influence of this polymorphism can be observed on butterfat yield. Consequently, the content of butterfat is highly significantly decreased by genotype TT. In contrast, Ala59Val does not affect amounts of milk and protein, but is responsible for controlling the amount of produced butterfat.
INTRODUCTION
Feed intake is an important factor affecting animal productivity. The consequences of inadequate nutrition include inhibited growth and reproductive function, lowered resistance to diseases, and reduced milk production. In dairy cattle, feed intake varies considerably during the production cycle. During pregnancy, it is generally in excess of energy needs, then decreases by about one-third in a week before parturition, and gradually increases after calving. At the early lactation, feed intake is not sufficient to satisfy metabolic demands of animals. It is a period of negative energy balance, when a substantial proportion of milk production is achieved by the mobilization of body fat reserves (de Vries and Veerkamp, 2000) .
Leptin, a 16-kDa protein hormone produced and secreted mainly by a white adipose tissue, is one of the factors involved both in the feeding behaviour and in fat mobilization. It has been shown to play a key role in the regulation of the whole body energy homeostasis. Additionally, it influences reproduction, as well as immune and stress responses, hormone secretion by several endocrine glands, haematopoiesis, angiogenesis, and bone formation (Houseknecht et al., 1998; Fruhbeck, 2001 ). Many of leptin effects are mediated centrally, at the level of the hypothalamus. The hormone stimulates or inhibits the release of neurotransmitters such as neuropeptide Y that ultimately results in the reduction of feed intake and an increase of energy expenditure. Multiple peripheral effects were also described (Houseknecht et al., 1998) . The widespread expression of the leptin Ob-Rb receptor observed in cattle suggests that the hormone may act directly in most bovine tissues (Silva et al., 2002) . In the mammary gland, it has been shown to decrease the DNA synthesis and reduce the proliferation of epithelial cells. Hence, leptin is thought to be involved in mechanisms regulating the mammary growth and development (Silva et al., 2002) . Leptin is a product of the obese (ob) gene (Zhang et al., 1994) . The precursor form of the protein consists of 167 amino acids and contains an amino-terminal secretory signal sequence that affects the translocation of polypeptide into microsomes. The signal sequence is subsequently cleaved off resulting in the active form of hormone consisting of 146 amino acids (Zhang et al., 1994) . In cattle, the leptin gene has been mapped to chromosome 4 (Pomp et al., 1997) . It consists of three exons, with the coding regions in exon 2 and exon 3. Several polymorphims have been reported in the bovine leptin gene, but only four of them change the amino acid sequence in the encoding polypeptide (Konfortov et al., 1999; Haegeman et al., 2000; Buchanan et al., 2002; Lagonigro et al., 2003; Liefers et al., 2003) . Recently, the promoter region has been sequenced and twenty SNPs (single nucleotide polymorphisms) have been found (Liefers, 2004) .
The aim of the present study was to analyse the relationship between the Arg4Cys and Ala59Val polymorphisms of the bovine leptin gene, and the milk traits, based on the breeding values of genotyped AI proven bulls. The Arg4Cys is the C → T substitution located 73 bp from the start of exon 2 that causes amino acid change from arginine to cysteine at position 4 of the mature leptin (Konfortov et al., 1999; Buchanan et al., 2002; Lagonigro et al., 2003; Liefers et al., 2003) , whereas the Ala59Val is the C → T mutation located 95 bp from the start of exon 3 leading to the alanine → valine change at protein position 59 (Konfortov et al., 1999; Haegeman et al., 2000; Buchanan et al., 2002; Lagonigro et al., 2003; Liefers et al., 2003) .
MATERIAL AND METHODS

Data
The study included 187 Black-and-White AI bulls with an average HolsteinFriesian genes share of 96.4%, born between 1992 and 1998. Their genetic background is represented by breeding values (EBV) estimated on the national scale for milk, butterfat and protein yields as well as butterfat and protein contents using a multiple trait animal model in the November 2003 evaluation (Żarnecki et al., 2003 
Molecular data analysis
Genome DNA was isolated from semen as described by Lucy et al. (1993) . Primers for PCR amplification (IBB PAS, Poland) were designed using the Primer3 program (http://www.genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi) on the basis of the gene sequence available in the GenBank, accession number U50365: Arg4Cys -F: 5' -CCAGGGAGTGCCTTTCATTA -3' Arg4Cys -R: 5' -GGTGTCATCCTGGACCTTC * C -3' Ala59Val -F: 5' -AGCTTGGAAACATGGTGGTC -3' Ala59Val -R: 5' -TTTCTGGAAGGCAGACTC * GT -3' The Arg4Cys and Ala59Val reverse primer sequences included a purposeful mismatch (marked with an asterisk) that incorporated a Kpn2I and HphI restriction sites, respectively.
The PCR amplifications were performed in a reaction volume of 25 μl containing approximately 50 ng of genomic DNA, 1 unit of Taq DNA polymerase (Fermentas), 1× PCR buffer with (NH 4 ) 2 SO 4 (Fermentas), 2 mM MgCl 2 , 5% DMSO, 1 μM of each primer, and 200 μM of each dNTP. Thermal cycling conditions included an initial denaturation at 94ºC for 5 min, followed by 30 cycles of 94ºC for 30 s, 56.5ºC (Arg4Cys) or 57.5ºC (Ala59Val) for 30 s, and 72ºC for 30 s, followed by the final extension at 72ºC for 5 min. The PCR reactions were carried out using a TGradient thermocycler (Biometra).
The amplified fragments (5 μl of PCR products) were digested with 8 units of restriction endonucleases (Fermentas) at 55ºC (Arg4Cys -Kpn2I) or 37ºC (Ala59Val -HphI) for at least 2.5 h. The resulting products were visualized in 3% agarose gels stained with ethidium bromide.
Statistical analysis
The estimation of the effects of Arg4Cys and Ala59Val polymorphisms on milk production traits is based on the following model: y=Xβ+Zα+e where y is a vector of EBVs for one of the five milk production traits considered, standardized to have variance equal to 1 and the zero mean; β is a vector of fixed effects comprising the general mean and the Arg4Cys and Ala59Val genotypes; α is a vector of random polygenic effects assuming α ~ N(0,Aσ ) with D being a diagonal matrix with the reciprocal of the number of daughters used for the calculation of EBV for the i-th bull and σ 2 e denoting the error variance; X and Z are corresponding design matrices.
Although the estimation of Arg4Cys and Ala59Val genotype effects are of the primary interest for the study, a random effect accounting for (dis)similarities among bulls on the genome average level, as represented by α, is also included into the model. Similar approach has already been used e.g. by Grisart et al. (2002) for testing effect of the DGAT1 polymorphism on milk yield and composition and by Blott et al. (2003) in the analysis of growth hormone receptor variants influence on the same traits.
The parameters underlying the above model (i.e. β and α) were estimated with maximum likelihood method using the SAS software (SAS, 1999); additionally a package PEDIG (Boichard, 2002) was used to construct the numerator relationship matrix. It should be noted, that only the models' effects were estimated while, due to the small size of the analysed sample, the variance components were assumed as known, based on the upper values of genetic parameters used for the national genetic evaluation (Żarnecki et al., 2003) , amounting to σ 2 α =0.30, σ 2 e =0.70.
RESULTS
The PCR reactions resulted in 305 bp long products for both analysed leptin gene polymorphisms. After the Arg4Cys fragment digestion with the restriction enzyme Kpn2I, the arginine encoding allele (C) was cleaved into two fragments of 283 bp and 22 bp, while a cysteine encoding allele (T) remained uncut at 305 bp. The Ala59Val variants were identified with the HphI restriction endonuclease. The alanine (C) allele was visible in gel as a single band of 305 bp, whereas the valine (T) allele had fragments of 276 and 29 bp.
Within the population examined, the Arg4Cys-CC genotype was identified in 50, CT in 101, and TT in 33 animals, which gives the C and T allele frequencies of 0.55 and 0.45, respectively. For the Ala59Val polymorphism, the following genotype and allele frequencies were obtained: CC -0.53, CT -0.40, and TT -0.07; C -0.73, and T -0.27, respectively. Since the polygenic effect was the only random effect in the model, the correlations between the original EBVs and the EBVs represented by αˆ are very high amounting to 0.97 for fat yield and content, 0.98 for milk and protein yields and 0.99 for protein content. For the two polymorphisms studied, Table 1 summarises the effects of a homozygous and a heterozygous genotype estimated as a contrast to the other homozygote. The significance of the effects is expressed by the type I error rate corresponding to a comparison of the estimated genotype effect with null using a standard t-test. Summarising, Arg4Cys allele T has a highly significant increasing effect on milk yield (animals with TT genotype produce 155.74 kg more milk on average than animals with CC genotype) and a significant increasing effect on protein yield (3.2422 kg more protein), whereas no marked influence of this polymorphism can be observed on butterfat yield. Consequently, the content of fat in milk is highly significantly decreased by allele T (TT genotype contain by 0.156 % less butterfat on average than CC genotype). In contrast, Ala59Val does not affect the amounts of milk and protein, but is responsible for controlling the amount of produced butterfat (on average, CC produce 6.2609 kg and CT 7.5006 kg more fat than TT). It should be noted, that while the estimated genotypic effects of Arg4Cys reveal additive mode of inheritance, Ala59Val seems to be overdominant.
DISCUSSION
The effects of the leptin gene variants on the phenotype were first observed in mice. The ob/ob mice lacking functional hormone are characterized by hyperphagia, decreased energy expenditure and extreme obesity, as well as many other abnormalities including infertility, decreased body temperature, and decreased immune function (Hamann and Matthaei, 1996) . The physiological properties, as well as the effects of the mouse ob locus variants support leptin as a strong candidate gene that could influence production traits in farm animals. In cattle, several studies have indicated an association between leptin gene polymorphisms and feed intake and carcass fat content, although reproduction and milk related traits were proved to be also affected (Fitzsimmons et al., 1998; Zwierzchowski et al., 2001; Liefers et al., 2002 Liefers et al., , 2003 . Buchanan et al. (2002) proposed the C/T substitution in exon 2 that causes amino acid change from Arg to Cys at position 4 of the leptin protein (Arg4Cys) as a causative mutation affecting fat carcass content in cattle. They sequenced the ob gene from six animals belonging to a population, in which the associations between the BM1500 microsatellite located 3.6 kb downstream the leptin stop codon (Stone et al., 1996) and fat carcass traits were previously reported (Fitzsimmons et al., 1998) . Three of them were characterized by a fat phenotype, three others represented the lean phenotype. Two SNPs changing the leptin protein amino acid sequence were identified (Arg4Cys and Ala59Val), but only Arg4Cys genotypes were different between the sequenced fat and lean bulls. The results obtained by Buchanan et al. (2002) indicate that the T (cysteine encoding) allele is associated with higher, whereas the C (arginine encoding) variant with lower fat deposition in carcasses of Angus, Charolais, Hereford and Simmental bulls. Moreover, the TT homozygotes were found to produce more leptin mRNA than the CC animals.
The Arg4Cys polymorphism was also shown to be associated with milk related traits in the Canadian Holstein cows population (Buchanan et al., 2003) . The T allele increased milk yield, protein yield and somatic cell count, and slightly reduced the milk butterfat content. The most significant effects were observed in the first 100 days of lactation. Over the entire lactation, the impact of Arg4Cys SNP revealed to be significant for milk yield and somatic cell count, and approached significance for milk protein yield. The results of the present study were very similar to those obtained by Buchanan et al. (2003) . The Arg4Cys polymorphism influenced milk and protein yields as well as butterfat percentage, but its impact on the latest trait seems to be greater than in the Canadian Holsteins. Since the phenotypes analysed in this study were bulls' breeding values evaluated on their daughters 305-day lactation basis, it was impossible to estimate the mutation effects at the different stages of lactation.
An Arg to Cys amino acid change is situated in the A-helix of the leptin protein at position that varies considerably between species (Zhang et. al., 1997) . However, it is a non-conservative substitution, as arginine and cysteine have an alkaline and neutral side chains, respectively. According to Buchanan et al. (2002) , the cysteine encoding T allele is associated with increased leptin mRNA expression. They hypothesized that the extra unpaired cysteine presence in the leptin molecule might affect the tertiary structure of the protein and decrease its activity. Thus, the TT homozygotes would produce hormone largely unrecognised by its receptor. That would results in the silencing of the downregulation of the leptin expression, and in increasing the serum leptin level. Another consequence of the lesser cysteine variant activity in these animals could be a higher feed intake, leading to an increased fat carcass content, and, in lactating dairy cows, to an earlier recovery from the negative energy balance and greater milk production.
The above hypothesis is to a large extent consistent with the Arg4Cys polymorphism effects obtained in the present study. However, it does not fully explain the decreased breeding value for milk butterfat content in the TT genotype bulls. The reduced butterfat percent in bovine milk is considered as an indicator of energy deficits during early lactation (de Vries and Veerkamp, 2000) . Hence, if the T allele improved the energy utilization, it should not be associated with the lower milk fat content. On the other hand, the observed negative effect on fat percentage could be simply a consequence of the higher milk yield without simultaneously increased amount of produced fat. The investigations on Dutch heifers (Liefers et al., 2003; Liefers, 2004) and British experimental population (Lagonigro et al., 2003) provided more arguments against the hypothesis postulated by Buchanan et al. (2002) . Liefers et al. (2003) obtained results suggesting that not the TT, but the CC genotype is characterized by a higher circulating leptin concentration. Moreover, there are reports that no relation exists between the Arg4Cys mutation and both milk (Liefers, 2004; Madeja et al., 2004) and carcass (Lagonigro et al., 2003) traits in cattle.
The Ala59Val polymorphism, caused by the C/T replacement in exon 3 of the gene, is located at between species conserved leptin protein region. However, since both alanine and valine belong to the same group of the non-polar aliphatic amino acids, the substitution is unlikely to alter the hormone functioning. For this reason, it did not receive a lot of attention. In the present study we found that Ala59Val could be responsible for the amount of produced fat and consequently also on milk fat content. The results of Madeja et al. (2004) , on the other hand, showed that polymorphism has a significant effect on milk and protein yields. Fat yield also tended to be affected, but, in contrast to the present study, animals with TT genotype had a higher EBV for this trait. Liefers et al. (2002) suggested that Ala59Val might be a marker for the butterfat percentage in milk, although they formulated their conclusion very cautiously. The same authors showed that polymorphism significantly influences the Holstein heifers' serum leptin concentrations during pregnancy (Liefers et al., 2003) . However, similar results were obtained for three other mutations, including Arg4Cys. Since the analysed polymorphisms were in linkage disequilibrium, the found association could be the effect of the Arg4Cys SNP as well. The impact of Ala59Val mutation on feed intake and fat-related carcass traits in beef cattle was evaluated by Lagonigro et al. (2003) , but no significant relationship has been identified.
CONCLUSIONS
In conclusion, the Arg4Cys -TT genotype appears to be associated with increased milk and protein yields being neutral to butterfat yield, while the Ala59Val -CC seems to increase milk fat production. Because of the putative effect on the leptin molecule conformation, the Arg4Cys is more likely to be a causative mutation affecting the milk-related traits in cattle. Further experiments, however, are necessary to provide unambiguous evidence that both analysed polymorphisms lead to changes in the leptin function.
